Abstract -A new interleaver design to improve the performance of the Turbo codes is presented here. Two criteria are considered in the design of the interleaver; the distance spectrum properties of the code and the correlation between the input information data and the soft output of each decoder corresponding to its parity bits. A deterministic interleaver design based on these criteria is also proposed here.
I. INTRODUCTION
Turbo codes [l] have an impressive near Shannon limit error correcting performance. This superior performance of Turbo codes compared to convolutional codes is only achievable when the length of the interleaver is very large, on the order of several thousand bits. For large block size interleavers, most random interleavers perform well.
An interleaver a is a permutation i H a(i) that maps a data sequence of N input symbols into the same sequence in a new order. An S-random [2] interleaver is a semi-random interleaver that performs better than most random interleavers. Each randomly selected integer is compared to S previously selected random integers. If the distance between this integer and previously selected random integers is greater than S, then it is selected. Otherwise, a new random integer will be chosen and this process is repeated until all N distinct i n t e gers are selected in this random order. This interleaver design assures that the short cycle events are avoided. Short cycle event occurs when two bits are close to each other before and after interleaving.
2-STEP S-RANDOM INTERLEAVER DESIGN
A new interleaver design, 2-step S-random interleaver, is presented here based on the S-random interleaver. The 2-step S-random interleaver is designed under the constraint t o increase the minimym effective free distance of the Turbo code without increasing the correlation properties between the information input data sequence and the soft output of each decoder correspbnding t o its parity bits. The criterion used in the second step of the design is based on the revised version of iterative decoding suitability (IDS) condition that is described in [3-41.
Step 1: Each randomly selected integer a(i) is compared with the previous selections a(j) to check that if i -j 5 Si then Ia(i) -a(j)l > Si. We also insist that ?r must satisfy li -a(i)l > S2. Si and S2 are two constants.
Step 2: Choose the maximum predetermined weight W d e t for input data sequences and the minimum permissible effective free distance code j , a(j) ). Interchange the interleaver pairs (il, a(i1)) and ( j , a ( j ) ) to create a new interleaver, i.e., (il,a(j)) and 5 dmin,wd,t. Obviously if dm,n,wd,t is selected a large value, the second step may never converge, and in this case dmin,wd,t should be reduced.
An interleaver design proposed in [6] is based on the joint Srandom criteria and elimination of all error patterns of weight wi. However, in practice the joint optimization criteria will not converge easily and therefore the value of S must be reduced and wi restricted t o only weight two inputs. By separating these two criteria into two steps, we can easily find the appropriate interleaver satisfying each step separately. In some applications we need t o have a deterministic interleaver to reduce the hardware requirements for the Turbo encoder and decoder. The following theorem describes a technique to design a deterministic interleaver based on step 1. 
